A novel actinomycete, designated strain NW8-21 T , was isolated from mountain soil in Mae-Wong National Park, Nakornsawan province, Thailand, and was taxonomically characterized by using a polyphasic approach. Based on 16S rRNA gene sequence analysis, the strain was revealed to have the closest similarity to Pseudonocardia endophytica YIM 56035 T with the highest 16S rRNA gene sequence similarity value of 98.7 %, followed by Pseudonocardia nantongensis KLBMP 1282 T (98.0 %). The chemotaxonomic properties, i.e. arabinose and galactose as the diagnostic reducing sugar in cells, MK-8 (H 4 ) as a major menaquinone, iso-C 16 : 0 as the main cellular fatty acid component and phosphatidylethanolamine, phosphatidylmethylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol, phosphatidylcholine as the characteristic phospholipids, confirmed a taxonomic affiliation of the strain that was consistent with those of the genus Pseudonocardia. Several phenotypic differences and the DNA-DNA hybridization results (less than 40 % relatedness value) indicated that strain NW8-21
The genus Pseudonocardia [1] is the one of the most important groups of actinomycetes because several members in this genus are well-known sources of secondary metabolites that can be developed as a resource for biotechnology [2, 3] . Several Pseudonocardia species are normally found in many varieties of soil [4] [5] [6] [7] . At present, the genus contains more than 50 species, including Pseudonocardia nigra [8] , the latest novel species. Since mountainous environments differ greatly from another terrestrial habitats, the biological characteristics of actinomycetes and their distribution are expected to be different from those of soil actinomycetes. During a programme investigating novel actinomycetes from mountain soils, the actinomycetes strain NW8-21 T was isolated. This strain showed morphological and chemotaxonomic properties typical of members of the genus Pseudonocardia, but its physiological and genotypic characteristics completely distinguished this strain from all type strains of the genus Pseudonocardia. For these reason, strain NW8-21
T should be judged as novel species of the genus Pseudonocardia, for which the name Pseudonocardia soli sp. nov. is proposed.
Strain NW8-21
T was isolated from a soil sample collected from the Mae-Wong National Park, Nakornsawan province, Thailand. The soil sample was air-dried at room temperature for 14 days. The dried soil sample was then ground and heated at 100 C for 1 h. The treated soil was serially diluted to 10 À3 concentration in 0.01 % sterile sodium lauryl sulfate in distilled water and spread on humic acid-salts vitamin agar (HV) [9] supplemented with 20 mg l À1 nalidixic acid and 50 mg l À1 nystatin. The colony of actinomycetes was purified on yeast extract-malt extract agar (International Streptomyces Project, ISP2 medium) [10] . The pure culture was then preserved by freeze-drying.
To observe its morphology, strain NW8-21
T was cultivated on soil extract agar at 30 C for 30 days. First, colonies were observed by light microscopy. To prepare the samples for observation under scanning electron microscopy, a cultured agar block (3Â5 mm 2 ) was fixed with 2 % osmium tetroxide vapour for 2 h. Then, the samples were gently washed with sterile distilled water. The dehydration step was done through a graded ethanol series [30 , 50, 70 and 95 % each for 10-15 min, finally followed by 100 % ethanol (10 min) three times]. After that, the dehydrated samples were dried using liquid carbon dioxide in a critical-point dryer (model EM CPD300; Leica). Finally, the specimens were stuck on a stub and were coated with gold using a sputter coater (model SCD040; Balzers). The specimens were observed under a scanning electron microscope (model JSM-6610 LV; JEOL).
The cultural characteristics of the strain were examined on several ISP media (ISP2-7), glucose-asparagine agar (ISP5 with 1 % glucose replacing glycerol), Czapek's sucrose agar [11] and nutrient agar (Difco). To determine the colour of substrate mycelium, aerial mycelium and spores, standard colour charts (ISCC-NBS) were used [12] . To characterize the nitrate reduction, the decomposition of gelatin, starch and casein, and acid production from carbohydrates, the novel strain and the reference strains were cultured on media prepared by the methods of Arai [13] , Williams and Cross [14] , and Gordon et al. [15] . The growth on various conditions, i.e. the temperature (10-50 C), NaCl (0-7 %, intervals of 1 unit) and pH (4-11, interval of 1 pH unit) tolerance, were determined on ISP2 agar for 14 days. Urease activities were investigated according to the method previously described by Smibert and Krieg [16] . The results are shown in the species description and in Table 1 .
For chemotaxonomic analyses, strain NW8-21
T was grown in ISP2 broth on a rotary shaker (180 r.p.m.) at 30˚C for 5 days. The biomass of the strain was prepared by harvesting the cultured broth by centrifugation (8000 Â g for 10 min) and then the cell pellets were washed five times with sterile distilled water. The washed cells were dried in the freeze dryer. The cell-wall diaminopimelic acid was analysed using the protocol of Hasegawa et al. [17] . Investigation of the acyl type of muramic acid in the peptidoglycan was carried out by using the method of Uchida and Aida [18] . Reducing sugars in cells were studied according to the standard protocol of Komagata and Suzuki [19] . The extraction method and two-dimensional thin-layer chromatography technique developed by Minnikin et al. [20] were used for analysing the polar lipids in membranes. The cellular fatty acids were evaluated according to the protocol of the Microbial Identification System (MIDI) [21, 22] with the TSBA6 MIDI database. Mycolic acids were determined by using the method suggested by Minnikin et al. [23] . Isoprenoid quinones were extracted according to the method of Collins et al. [24] and analysed by high-performance liquid chromatography (HPLC). The HPLC solvent system was methanol/2-propanol (2 : 1, v/v) at a flow rate of 0.6 ml min
À1
. Extraction of genomic DNA and the 16S rRNA gene amplification and sequencing were done as described by Tamaoka [25] and Thawai [26] , respectively. The G+C content of the genomic DNA was examined according to the standard HPLC method of Tamaoka and Komagata [27] . DNA-DNA hybridization was done using the fluorometric microwell method suggested by Ezaki et al. [28] .
The 16S rRNA gene sequence similarity value of strain NW8-21 T (1478 bp) was calculated based on the pairwise alignment using the the EzBioCloud server (www.ezbiocloud.net/) [29] . The CLUSTAL W multiple alignment mode within BioEdit program version 7.1.3.0 [30] was used to align the 16S rRNA gene sequences of strain NW8-21
T and the closely related members of the genus Pseudonocardia. Phylogenetic trees were reconstructed using the neighbourjoining (NJ) [31] , maximum-likelihood (ML) [32] and maximum parsimony methods [33] in MEGA 6 software [34] . Distances between sequences were calculated by using Kimura's two-parameter model [35] . Bootstrap analysis Acid production from:
Hydrolysis of:
(1000 replicates) was used to evaluate the robustness of the tree topologies [36] .
Strain NW8-21 T grew well on ISP 2, ISP 3 and ISP 7, and moderately on ISP 5, weakly on ISP 4, ISP 6, Czapek's sucrose agar, glucose-asparagine agar and nutrient agar. The colour of substrate hyphae on these media was pale yellowish white to yellowish brown. White aerial mycelium were observed on ISP 2, ISP 3, ISP 4, ISP 5, ISP 7 and Czapek's sucrose agar. Soluble pigments were not produced on any of the media tested. Strain NW8-21
T formed long chains of rod-shaped spores (0.3-0.5Â1.0-3.0 µm) borne on aerial mycelium (Fig. 1) . The morphological characteristics of this strain were similar to those of the spore morphology of genus Pseudonocardia [1] .
Several chemotaxonomic properties of strain NW8-21 T confirmed the affiliation of this strain to the genus Pseudonocardia. The cell walls of strain NW8-21
T contained meso-diaminopimelic acid. The acyl type of cell-wall peptidoglycan was acetyl. The reducing sugars in whole-cell hydrolysates were arabinose, galactose, glucose and ribose. The two reducing sugars, arabinose and galactose, are generally found in members of the genus Pseudonocardia [5, 6, 8] . The menaquinones were MK-8(H 4 ) (94.9 %) and MK-9(H 2 ) (1.1 %). The high amount of MK-8(H 4 ) is usually observed in Pseudonocardia species [6, 8, 37] . The major cellular fatty acids (!3 %) were iso-C 16 : 0 (68.4 %), iso-C 16 : 1 h (9.3 %) and iso-C 14 : 0 (3.6 %) (Table S1 , available in the online version of this article). The fatty acid, iso-hexadecanoic acid (iso-C 16 : 0 ), is generally reported as a major component fatty acid in members of Pseudonocardia [4] [5] [6] [7] [8] . Mycolic acids were absent. The diagnostic phospholipids diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylinositol and phosphatidyl choline, were found in this strain. These phospholipids are commonly found in the membranes of Pseudonocardia species. (Fig. S1) [5, 38] . The G+C content (mol%) of the genomic DNA was 70.9 %.
An almost-complete 16S rRNA gene sequence was obtained for strain T (1478 nt). The strain exhibited a close relationship with members of the family Pseudonocardiaceae and formed in the phylogenetic cluster of the genus Pseudonocardia (Fig. 2) . The phylogenetic position of strain NW8-21
T in NJ, ML and MP tree-making algorithms with high bootstrap values (88-95 %) revealed that this strain was most closely related to Pseudonocardia endophytica (Figs S2 and S3) . The taxonomic position of strain NW8-21
T was confirmed by the value of 16S rRNA gene sequence similarity because this strain shared the highest 16S rRNA gene sequence similarity with P. endophytica (98.7 %) followed by Pseudonocardia nantongensis (98.0 %). For these reason, the two closest type strains of the genus Pseudonocardia, P. endophytica and P. nantongensis, were selected for comparing the phenotypic characteristics and DNA-DNA hybridization.
As summarized in Table 1 , reduced nitrate to nitrite, exhibited urease activity, and did not produce acid from raffinose, cellobiose, D-mannitol, D-mannose, glycerol and myo-insitol. Furthermore, the result of DNA-DNA hybridization between strain NW8-21
T and these two closely related species ranged from 30.8±0.4 %-39.3±0.5 %, which is well below the 70 % cut-off point for the assignment of bacterial strains to the same species [39] (Table S2) . Thus, on the basis of phenotypic, chemotaxonomic and genotypic data, strain NW8-21
T merits classification as a novel species of the genus Pseudonocardia, for which we propose the name Pseudonocardia soli sp. nov. The type strain is strain NW8-21 T 
